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Introduction 

j  »• 

Severe  anaphylactic  transfusion  reactions  most  frequently  occur 

in  patients  who  are  IgA-deficient  and  have  formed  antibodies  to  the 

IgA  immunoglobulin.^  Selective  IgA  deficiency  is  the  most  commonly 

recognized  immunodeficiency  and  is  characterized  by  the  absence  of  IgA 

2 

from  the  serum  and  external  secretions.  Other  components  of  the 

immune  system  including  antibody  response  and  cellular  immunity  are 

usually  normal.  IgA  deficiency  is  associated  with  recurrent 

sinopulmonary  infections,  gastrointestinal  disturbances  or  autoimmune 

diseases  but  also  may  occur  in  healthy  individuals. 

The  cause  of  selective  deficiency  of  IgA  is  unknown  but  two 

2  3 

theories  have  been  proposed.  *  The  majority  of  individuals  with 
this  deficiency  appear  to  have  a  normal  number  of  IgA  synthesizing' 
B-lymphocytes  but  these  lymphocytes  lack  the  ability  to  mature  into 
IgA  secreting  plasma  cells.  The  second  category  of  IgA  deficiency 
appears  to  result  from  the  presence  of  class-specific  T-suppressor 
cells  which  prevent  B-cells  from  maturing  into  IgA  synthesizing  and 
secreting  plasma  cells. 

The  mode  of  inheritance  of  selective  IgA  deficiency  is  not 
entirely  clear.  Several  family  studies  have  suggested  a  multifactoral 
inheritance  mode  demonstrated  by  either  an  autosomal  recessive  or 
autosomal  dominant  pattern.^’  ^ ®  One  report®  suggests  that 

IgA  deficiency  is  due  to  the  inheritance  of  an  aberrant  regulatory 
gene  of  Immunological  synthesis  rather  than  a  structural  gene  defect. 
There  exists  in  family  members  of  IgA-deficient  individuals  an 
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sorbent-sorbate  system.  These  values  were  regressed  with  various 
properties  of  the  sorbates,  which  included  molecular  weight,  dipole 

<4  »• 

moment,  polarizability,  molar  volume,  parachor,  aqueous  solubility, 
and  octanol -water  partition  coefficients.  The  results  of  these  corre¬ 
lation  studies  showed  that  polarizability  and  aqueous  solubility  are 
the  best  predictors  of  Kd  values  investigated  in  this  research. 

The  sorption  free  energy  (aG°),  enthalpy  (AH0),  and  entropy 
(aS°)  were  measured  by  conducting  isotherms  at  three  temperatures. 

The  mean  ah°  values  were  approximately  -1  to  -2  kcal/mol,  and  the 
AG°  values  ranged  from  about  -1  to  -4  kcal/mol.  These  relatively 
low  values,  together  with  the  results  of  the  correlation  studies, 
implicated  the  London  (dispersion)  forces  and  the  ion-induced  dipole 
interaction  as  the  most  plausible  mechanisms  to  account  for  the  sorp¬ 
tion  of  these  compounds  by  soils. 
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Severe  anaphylactic  transfusion  reactions  most  frequently  occur 

in  patients  who  are  IgA-deficient  and  have  formed  antibodies  to  the 

IgA  immunoglobulin.*  Selective  IgA  deficiency  is  the  most  commonly 

recognized  immunodeficiency  and  is  characterized  by  the  absence  of  IgA 

2 

from  the  serum  and  external  secretions.  Other  components  of  the 

immune  system  including  antibody  response  and  cellular  immunity  are 

usually  normal.  IgA  deficiency  is  associated  with  recurrent 

sinopulmonary  infections,  gastrointestinal  disturbances  or  autoimmune 

diseases  but  ^lso  may  occur  in  healthy  individuals. 

The  cause  of  selective  deficiency  of  IgA  is  unknown  but  two 

2  3 

theories  have  been  proposed.  ’  The  majority  of  individuals  with 
this  deficiency  appear  to  have  a  normal  number  of  IgA  synthesizing 
B-lymphocytes  but  these  lymphocytes  lack  the  ability  to  mature  into 
IgA  secreting  plasma  cells.  The  second  category  of  IgA  deficiency 
appears  to  result  from  the  presence  of  class-specific  T-suppressor 
cells  which  prevent  B-cells  from  maturing  into  IgA  synthesizing  and 
secreting  plasma  cells. 

The  mode  of  inheritance  of  selective  IgA  deficiency  is  not 
entirely  clear.  Several  family  studies  have  suggested  a  multifactoral 
inheritance  mode  demonstrated  by  either  an  autosomal  recessive  or 
autosomal  dominant  pattern.^’  ^ ^ *  ®  One  report®  suggests  that 
IgA  deficiency  is  due  to  the  inheritance  of  an  aberrant  regulatory 
gene  of  immunological  synthesis  rather  than  a  structural  gene  defect. 
There  exists  in  family  members  of  IgA-deficient  individuals  an 
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increased  incidence  of  hypogaranaglobulinemia  and  selective 
deficiencies  or  increases  of  other  immunoglobulins.  The  incidence  of 
IgA  deficiency  varies  between  1/300  and  1/3000  depending  on  the 
population  studied  and  the  sensitivity  of  the  techniques  used  for 
detection  (Table  1). 12-25 

The  Ig^mQ)  and  IgA2m(2)  allotype  genes  are  alternative  alleles 
in  a  biallelic  system  closely  linked  to  the  Gm  genes  of  the  IgG 
immunoglobulin  system.  The  gene  frequencies  of  IgA2m(l)  and  IgA2m(2) 
are  0.98  and  0.02  respectively  in  the  Caucasian  population,  and  0.36 
and  0.64  in  American  Negroes.^* 1^’ 11 

Individuals  with  IgA  deficiency  may  form  antibodies  to  the  IgA 
14 

immunoglobulin.  Most  often  these  antibodies  are  classified  as 

class-specific  as  they  may  react  with  determinants  common  to  both 

subclasses  of  IgA,  IgA^  and  IgA2»  Anti-IgA  antibodies  of  a  limited 

specificity  have  also  been  reported.  Anti-IgA  of  limited  specificity 

is  specific  for  either  a  particular  IgA  subclass  or  allotype,  IgA2® 

(1)  or  IgA2m(2).  The  class-specific  antibodies  are  usually  formed  in 

individuals  with  a  complete  absence  of  IgA  who  presumably  recognize 

human  IgA  as  a  foreign  antigen.  They  often  have  titers  greater  than 

1000  and  are  associated  with  serious  anaphylactic  transfusion 
26  27 

reactions.  *  The  anti-IgA  antibodies  of  limited  specificities  are 
most  often  found  in  individuals  with  normal  levels  of  IgA  who  have  a 
deficiency  of  a  specific  IgA  subclass  or  allotype.  Some  have  also 
been  reported  in  IgA -deficient  persons.  These  subclass  or  allotype- 
specific  antibodies  usually  have  titers  less  than  250  and  are 
associated  with  relatively  less  severe  anaphylactoid  or  urticarial 
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transfusion  reactions.  '  *  '  However,  one  fatality  associated 

with  anti-IgA  of  limited  specificity  has  been  reported.  The  incidence 

of  class-specific  anti-IgA  has  been  reported  to  vary  between  OX  and 

242  in  otherwise  normal,  healthy  IgA  deficient  donors  (Table 

2). 14, 16, 19  in' IgA-deficient  patient  populations,  the  frequency  is 

31  32 

much  higher,  44  to  572  (Table  3),  *  and  may  be  related  to  the 

higher  incidence  of  blood  transfusion  in  these  patients.  The 

frequency  of  limited  specificity  anti-IgA  antibodies  is  much  lower 

than  that  of  class-specific  antibodies  in  normal  donor  and  patient 

populations  (Tables  2  and  3).  Additional  varied  patient  populations 

28  33  34 

have  also  been  studied  (Table  4) .  *  *  These  studies  indicate  high 

incidence  rates  of  anti-IgA  in  IgA-deficient  patients  with  ataxia 
telangiectasia,  patients  who  have  experienced  anaphylactoid  trans¬ 
fusion  reactions,  postpartum  women  and  patients  who  have  received 
multiple  transfusions. 

There  are  four  possible  causes  of  anti-IgA  antibody  formation. 

These  include  the  transfusion  of  blood  or  blood  products,  fetal- 

maternal  hemorrhage,  maternal-fetal  hemorrhage  or  absorption  of  human 

31 

or  animal  IgA  via  the  intestinal  wall.  The  concepts  of  fetal- 
maternal  hemorrhage  and  intestinal  absorption  of  IgA  Immunoglobulins 
stimulating  the  formation  of  anti-IgA  antibodies  have  been  proposed 
primarily  to  explain  the  lack  of  a  known  Immunizing  event  in  certain 
patients.  It  is  unlikely  that  fetal-maternal  hemorrhage  would  cause 
the  production  of  anti-IgA  since  the  fetus  does  not  normally  produce 
IgA  while  in  utero.  Stimulation  of  anti-IgA  formed  as  the  result  of 
dietary  items  is,  at  this  point,  only  theoretical. 


Anti-IgA  antibodies  have  been  shown  to  be  of  the  IgG  class  and 
capable  of  binding  complement.  A  kinin-mediated  mechanism  has  been 
proposed  to  explain  the  pathogenesis  of  IgA  associated  anaphylactic 

OQ  oc  •yi  OQ 

and  anaphylactoid  transfusion  reactions.  »  »  •  » 

Precipitating  IgG  antibodies  to  the  Fc  fragment  of  ruminant  IgM 

have  also  been  reported  with  varied  frequencies  in  IgA-deficient 

38  A  2 

individuals  (Table  5).  It  1b  postulated  that  these  antibodies 

result  from  antigenic  stimulation  from  ingested  dairy  products.  It  is 

believed  that  absorption  of  these  antigens  is  increased  in 

IgA-deficient  individuals  due  to  the  lack  of  secretory  IgA  which  may 

normally  limit  mucosal  absorption.  Anti-ruminant  antibodies  become  of 

practical  importance  when  detecting  or  quantitating  human  IgA  by  agar 

diffusion  techniques  using  antisera  produced  in  goats,  cows,  or  sheep. 

If  the  IgA  deficient  serum  being  tested  contains  anti-ruminant  IgM 

antibodies,  the  reactions  of  this  antibody  with  the  ruminant  IgM  will 

give  results  suggesting  that  the  human  serum  contains  IgA 

immunoglobulin.  The  use  of  rabbit  anti-human  IgA  in  immunodiffusion 

tests  or  close  examination  of  precipitin  lines  for  nonidentity  in 

41  42 

double  diffusion  techniques  will  prevent  such  an  error.  * 

Estimates  on  the  incidence  of  severe  anaphylactic  transfusion 

reactions  in  IgA-deficient  patients  range  from  1/20,000  to  1/47,000 
35  43 

transfusions.  *  This  low  rate  of  occurrence  does  not  seem 

plausible  considering  the  reported  frequencies  of  anti-IgA  in  various 

28  33  3 A 

patient  populations.  *  ’  One  author,  however,  suggests  that  many 

minor  anaphylactoid  reactions  are  not  reported  and  many  serious 


reactions  nay  not  be  Investigated  properly  due  to  adequate  nethods  of 

35 

testing  not  being  available  to  all  blood  banks. 

Managenent  of  the  transfusion  needs  of  patients  with  anti-IgA 
presents  special  problems  for  the  transfusion  service.  Once 
Identified,  these  patients  must  receive  blood  products  lacking  IgA  to 
avoid  potential  anaphylactic  reactions.  There  are  three  methods  to 
accomplish  this  task.  First,  storage  of  autologous  blood  when 
transfusion  needs  can  be  anticipated  should  be  considered.  The  use  of 
washed  Ted  blood  cells  and  frozen-thawed-washed  red  blood  cells  have 
also  been  suggested  as  safe  methods  of  transfusing  these  patients. 
However,  both  products  as  routinely  prepared  have  been  associated  with 

44*46  47 

anaphylactic  reactions.  Yap  et  al  have  shown  that  one 

additional  wash,  beyond  the  four  washes  with  two  liters  of  normal 
6allne  routinely  used  in  the  preparation  of  washed  red  blood  cells, 
significantly  reduced  the  IgA  supernatant  concentration  from  .2  mg/dl 
to  .08  mg/dl.  Frozen-thawed-washed  red  blood  cells  washed  eight  times 
in  two  liters  of  hypertonic  saline  and  two  liters  of  isotonic  saline 
resulted  in  the  reduction  of  IgA  concentrations  to  less  than  .0003 
mg/dl  a6  compared  to  .01  mg/dl  IgA  in  routinely  washed  units.  A  third 
method  of  providing  red  cells,  as  well  as  other  blood  components,  is 
the  use  of  IgA-deficient  donors.  As  previously  noted  (Table  1),  an 
appreciable  number  of  otherwise  normal  blood  donors  have  a  selective 
deficiency  of  IgA.  Techniques  used  to  identify  IgA-deficient  indivi¬ 
duals  in  large  donor  populations  include  automated  hemagglutination- 

inhibition  (HI) ,  radioimmunoassay  (FIA) ,  and  immunoprecipitin 

19 

procedures  as  well  a6  manual  gel  immunodiffusion  and  HI.  The 


5 


automated  techniques  have  the  advantage  of  efficient  processing  for 
large  numbers  of  tests  but  the  equipment  required  is  costly.  Manual 
gel  immunodiffusion  and  HI  methods,  however,  require  no  special 
equipment  and  are  easily  and  economically  performed  in  most  clinical 
laboratories. 

Manual  gel  Immunodiffusion  techniques  described  for  screening 
large  donor  populations  include  radial  immunodiffusion  (RID)  and  the 
Ouchterlony  double  diffusion  methods.  These  methods  are  based  on  the 
principle  of  antigen-antibody  interaction  as  one  or  both  substences 
diffuse  through  a  semisolid  support  medium.  At  and  near  their  zone  of 
equivalence,  antigen  and  antibody  complex  to  form  visible  precipitin 
patterns.  RID  is  primarily  used  as  a  quantitative  technique  but  also 
has  qualitative  applications.  The  RID  support  matrix  contains 
antisera  specific  for  the  antigen.  Wells  are  punched  into  the 
antibody  containing  medium  and  receive  antigen  samples.  This  system 
is  allowed  to  Incubate  at  constant  temperature.  At  antigen-antibody 
equivalence,  a  precipitin  ring  forms  if  antigen  is  present  in  the 
samples.  If  quantitative  results  are  required,  the  size  of  the  ring 
may  be  measured  and  compared  to  standards  since  the  diameter  of  the 
precipitin  ring  is  mathematically  related  to  the  concentration  of 
antigen.  In  the  Ouchterlony  double  diffusion  method,  an  antigen 
sample  Is  allowed  to  passively  diffuse  through  a  neutral  support 
medium  toward  an  antibody  solution.  At  the  point  of  equivalence,  a 
precipitin  line  will  form  demonstrating  the  presence  of  antigen.  The 
double  diffusion  technique  also  permits  interpretation  of  immunologic 
identity,  partial  identity  or  nonidentity  of  specific  proteins  by 
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virtue  of  the  patterns  formed  by  adjoining  precipitin  lines  (Figure 

1) .  Sensitivity  of  the  RID  and  Oucherlony  methods  are  approximately 

2  mg/dl  and  3.5  mg/dl,  respectively.^® 

A  more  sensitive,  .1  mg/dl,  hemagglutination-inhibition  procedure 

has  been  used  to  further  quantify  potential  low  levels  of  IgA  not 

A9 

detected  by  immunodiffusion  techniques.  Gold  and  Fudenberg, 
utilizing  methods  developed  by  Jandl  and  Simmons, first  described 
the  use  of  an  IgA-anti-IgA  hemagglutination- inhibit ion  procedure  for 
the  quantitation  of  IgA.  Jandl  and  Simmons'  research  described  the 
use  of  metallic  cations  to  coat  red  blood  cells  with  specific 
proteins.  Their  research  demonstrated  that  certain  multivalent 
metallic  cations  (eg,  Cr+++,  Fe+++,  Be+++,  etc.)  in  solution  combine 
with  carboxyl  groups  on  the  red  blood  cell  membrane  (Figure  2) .  This 
interaction  between  the  multivalent  cations  and  the  membrane  carboxyl 
groups  caused  a  reduction  of  the  negative  charge  on  the  red  cell  and 
resulted  in  spontaneous  agglutination  in  saline  suspension.  The 
agglutination  was  not  visibly  distinguishable  from  antibody  mediated 
agglutination.  When  the  cations  and  red  cells  were  suspended  in  human 
serum,  cations  were  more  efficiently  bound  to  the  red  cell  membrane 
before  agglutination  occurred.  It  was  postulated  that  this  inhibition 
of  agglutination  was  due  to  competitive  binding  of  the  cations  by  the 
negatively  charged  serum  proteins.  By  virtue  of  their  multivalency, 
the  cations  may  share  bonds  simultaneously  with  the  protein  molecules 
and  the  red  blood  cells.  This  shared  bonding  results  in  covalent 
binding  of  protein  to  the  membrane  surface  (Figure  3).  Red  blood 
cells  thus  coated  with  protein  were  rendered  agglutlnable  by  specific 


antisera  (Figure  4) .  Gold  and  Fudenberg  used  this  principle  to  bind 
IgA  immunoglobulin  to  red  blood  cells.  A  solution  of  chromic  chloride 
(CrCLj)  was  used  to  coat  group  0  red  cells  with  purified  IgA  myeloma 
protein  as  antigen.  These  cells  were  then  used  as  Indicator  cells  for 
passive  hemagglutination  and  hemagglutination-inhibition  procedures. 

Hemagglutination-inhibition  involves  the  incubation  of  specific 
antibody  with  samples  suspected  of  containing  the  corresponding 
antigen.  If  antigen  is  present,  the  antibody  is  complexed  with  the 
antigen  and  agglutination  of  the  antigen  coated  indicator  cells  is 
inhibited.  On  the  other  hand,  if  antigen  is  not  present  in  the 
sample,  antibody  is  free  to  bind  with  the  indicator  cells  and 
agglutination  results. 

A  review  of  the  literature  indicates  no  apparent  consensus  on  a 

concentration  of  IgA  which  constitutes  IgA  deficiency  (Table  1) . 

Criteria  for  defining  IgA  deficiency  appear  to  be  more  a  factor  of  the 

sensitivity  of  the  available  test,  rather  than  results  of  controlled 

clinical  trials  to  determine  how  much  IgA  can  be  tolerated  by  patients 

possessing  anti-IgA  antibodies.  Reported  acceptable  values  range  from 

51  52 

<5  mg/dl  at  one  major  center  to  <0.05  mg/dl  at  another.  '  One 

study  of  the  amounts  of  IgA  that  can  be  tolerated  in  patients  at  risk 

52 

is  presently  ongoing.  This  report  suggests,  however,  that  no 
generalization  may  be  possible  due  to  individual  variations  in  the 
affinity  and  specificity  of  anti-IgA  antibodies  which  may  play  a  major 
role  in  determining  the  likelihood  of  a  transfusion  reaction.  This 
possibility  seems  feasible  considering  the  fact  that  some  patients 
with  anti-IgA  experience  transfusion  reactions  and  others  do  not  and. 
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at  this  time,  no  test  is  available  which  will  distinguish  between  the 
two. 

An  additional  fact  concerning  levels  of  IgA  in  IgA-deficient 

individuals  has  recently  been  reported.  Using  a  very  sensitive  RIA 

procedure,  <0.002  mg/dl  IgA,  this  study  found  fluctuations  ranging 

from  0.0002  mg/dl  to  0.38  mg/dl  IgA  in  some  donors  when  testing  was 

52 

performed  at  3  to  6  month  intervals.  This  report  emphasizes  the 
need  to  verify  IgA  deficiency  with  each  donation. 

The  purpose  of  this  study  was  to  evaluate  the  RID  and  Ouchterlony 
immunodiffusion  and  hemagglutination-inhibition  procedures  for  use  in 
identifying  IgA-deficient  individuals  in  a  large  donor  population. 
IgA-deficient  was  defined  as  <0.1  mg/dl  as  this  was  the  limit  of  the 
HI  test  sensitivity  in  this  study.  Identification  of  such  donors  is 
necessary  to  create  a  rare  donor  file  of  IgA-deficient  donors  which 
should  provide  safe  blood  products  for  patients  at  risk  of 
anaphylactic  transfusion  reactions  due  to  a  selective  deficiency  of 
IgA. 


Materials  and  Methods 


KID  plates  were  prepared  using  locally  available  goat  anti-human 
IgA  (Children's  Hospital  Medical  Center,  Cincinnati,  OH).  This 
antibody  was  diluted  1:20  in  a  1.52  agar  solution.  Ten  ml  of  this 
media  was  pipetted  into  6.5  x  8.5  cm  immunodiffusion  plates  (Madison 
Company,  Columbia,  MD)  to  a  depth  of  3  mm  and  allowed  to  harden  at 
room  temperature.  A  total  of  36  wells,  3  mm  in  diameter,  were  then 
individually  punched  in  each  plate  (Figure  5) .  These  plates  were 
stored  at  4  C.  On  each  day  of  use,  plates  were  allowed  to  warm  at 
room  temperature  for  30  minutes.  Following  the  addition  of  10  pi  of 
sample  or  controls  to  appropriate  wells  and  incubation  at  room 
temperature  for  18  to  24  hours,  these  plates  were  examined 
qualitatively  for  the  presence  or  absence  of  a  precipitin  ring  to 
identify  potential  IgA-deficient  samples  (Figure  5).  Ouchterlony 
double  diffusion  plates  were  obtained  commercially  (Meloy 
Laboratories,  Springfield,  VA).  Storage  and  dally  preparation  was 
identical  to  that  used  for  RID  plates.  Following  the  addition  of  20 
p£  of  sample  or  anti-human  IgA  (Meloy  Laboratories,  Springfield,  VA) 
to  appropriate  wells  and  incubation  at  room  temperature  for  18  to  24 
hours,  these  plates  were  examined  for  the  presence  or  absence  of  a 
precipitin  line  to  identify  potential  IgA-deficient  samples  (Figure 
6).  Precipitin  lines  were  also  evaluated  for  evidence  of  identity, 
partial  identity  or  nonidentity.  The  sensitivity  of  the  RID  and 
Ouchterlony  plates  was  determined  to  be  10  mg/dl  and  4  mg/dl 
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respectively  using  serial  dilutions  of  a  commercial  human  IgA  standard 
(Sigma  Chemical  Company,  St.  Louis,  MO). 

Indicator  cells  for  use  in  the  HI  and  passive  hemagglutination 
procedures  were  group  0  red  blood  cells  coated  with  IgA  by  the 
metallic  cation  method  described  by  Jandl  and  Simmons. ^  These  cells 
were  stored  in  Alsever’s  solution  for  at  least  3  days  at  A  C  prior  to 
use.  Stored  red  cells  were  initially  washed  x  10  in  0.9%  normal 
saline.  One  tenth  ml  of  these  washed  red  cells  was  added  to  0.1  ml  of 
purified  IgA^  human  myeloma  protein  (American  Red  Cross  Blood 
Services,  Bethesda,  MD)  at  a  concentration  of  1  mg/ml  in  a  12  x  75  mm 
test  tube.  One  tenth  ml  of  freshly  prepared  0.1%  CrCl^  (Sigma 
Chemical  Company,  St.  Louis,  MO)  was  added  and  immediately  vortexed. 
This  mixture  was  incubated  at  room  temperature  for  10  minutes  with 
frequent  gentle  agitation.  These  cells  were  then  washed  x  10  in  0.9% 
normal  saline  and  resuspended  to  a  2%  concentration  for  use  in  the  HI 
and  passive  hemagglutination  tests. 

36 

The  HI  procedure  was  performed  as  described  by  Vyas  et  al.  One 
volume  of  sample,  either  serum  or  plasma  at  a  1:10  dilution,  was  added 
to  an  equal  volume  of  diluted  goat  anti-human  IgA  (Sigma  Chemical 
Company,  St.  Louis,  MO)  in  V-bottom  microtiter  plates  (Cooke  Engineer¬ 
ing  Company,  Alexandria,  VA)  and  incubated  for  1  minute.  Dilutions  of 
anti-IgA  were  chosen  that  would  agglutinate  the  indicator  cells  when 
incubated  with  a  serum  specimen  containing  <0.1  mg/dl  IgA.  Optimal 
dilutions  in  3%  bovine  albumin  (Miles  Laboratories,  Elkhart,  IK) 

giving  the  required  sensitivity  were  most  often  within  the  range  of 
-3  -5 

10  to  10  .  One  volume  of  a  previously  prepared  2%  suspension  of 
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indicator  cells  was  added  to  the  serum-antibody  mixture.  The  plates 
were  gently  agitated  and  incubated  for  30  minutes  at  room  temperature. 
Following  incubation ,  the  microtiter  plates  were  centrifuged  for  12  to 
15  seconds  at  1300  x  g  and  placed  on  a  microtiter  plate  holder  at  a 
60-degree  angle.  The  red  cell  patterns  were  examined  after  30 
minutes.  Streaming  of  red  cells  indicated  the  presence  of  IgA  in 
sufficient  amounts  to  neutralize  the  goat  anti-IgA.  Agglutination, 
demonstrated  as  tight  solid  buttons,  indicated  insufficient  IgA 
present  to  neutralize  the  anti-IgA.  Samples  negative  for  IgA  at  this 
initial  1:10  dilution  were  then  tested  undiluted  by  the  HI  procedure. 

A  microtiter  well  containing  sample  and  indicator  cells  only  was 
run  concurrently  with  the  HI  procedure.  Agglutination  in  this  well 
indicated  the  presence  of  antibody  to  IgA  in  the  sample. 

IgA-deficient  and  low  level  IgA  samples  for  use  in  evaluation  of 
test  methods  were  submitted  by  the  following  institutions  -  American 
Red  Cross  (ARC)  Blood  Services,  Buffalo  Region,  Buffalo,  NY;  ARC  Blood 
Services,  Southeast  Michigan  Region,  Detroit,  MI;  Minneapolis  War 
Memorial  Blood  Bank,  Minneapolis,  MN;  ARC  Blood  Services,  Central 
California  Region,  San  Jose,  CA. 

A  total  of  1,995  donor  serum  samples  were  obtained  fron  the 
Hoxworth  Blood  Center,  Cincinnati,  OH.  All  samples  were  stored  at 
4  C  and  tested  within  96  hours  of  donation. 


Results 


The  RID,  HI  and  passive  hemagglutination  procedures  were 
evaluated  with  47  serum  samples  submitted  by  several  regional  blood 
centers.  These  samples  were  initially  screened  for  IgA  using  the 
locally  prepared  RID  plates.  Those  samples  giving  no  precipitin  ring 
by  RID  were  considered  potentially  IgA-deficient  at  the  limit  of  test 
sensitivity,  10  mg/dl.  The  more  sensitive,  0.1  mg/dl,  HI  procedure 
was  then  used  to  test  these  RID  negative  samples  for  the  presence  of 
potential  low  levels  of  IgA.  Passive  hemagglutination  tests  were 
performed  simultaneously  to  determine  the  presence  or  absence  of 
antibody  to  IgA.  Four  red  cell  patterns  were  noted  with  the  combined 
HI  and  passive  hemagglutination  methods  (Figure  7) .  Samples  contain¬ 
ing  normal  levels  of  IgA  completely  inhibited  the  anti-IgA  and  the 
indicator  cells  streamed.  IgA-deficient  specimens,  however,  did  not 
inhibit  the  dilutions  of  anti-IgA  and  the  indicate r  cells 
agglutinated,  forming  tight  solid  buttons  in  all  antibody  wells. 
Samples  that  were  IgA-deficient  and  contained  antibody  to  IgA 
additionally  agglutinated  the  indicator  cells  in  the  control  wells. 

The  presence  of  sufficient  anti-IgA  to  agglutinate  the  indicator  cells 
in  the  control  well  invalidated  the  IgA-deficient  interpretation  of 
agglutinated  cells  in  the  antibody  wells.  However,  the  presence  of 
class-specific  anti-IgA  in  a  sample  can  be  taken  as  an  indication  that 
the  individual  must  be  IgA-deficient.  The  fourth  cell  pattern  was 
demonstrated  by  samples  with  low  levels  of  IgA,  <10  mg/dl  and 
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0.1  mg/dl.  These  samples  inhibited  agglutination  only  with  the  weaker 
dilutions  of  anti-IgA. 

A  total  of  47  samples  were  received  from  other  blood  centers. 
Thirty-six  of  these  were  submitted  as  IgA-deficient.  Twenty-one  were 
confirmed  as  IgA-deficient  without  anti-IgA  but  11  tested  as  IgA- 
deficient  with  anti-IgA.  Three  of  these  36  samples  were  negative  for 
IgA  by  RID  but  found  to  contain  low  levels  of  IgA  by  the  HI  method. 

One  sample  was  positive  for  IgA  by  RID,  >10  mg/dl  (Table  6a). 

Seven  of  the  47  specimens  were  submitted  as  IgA  deficient  with 
anti-IgA  (Table  6b).  In  six,  the  presence  of  anti-IgA  was  confirmed 
by  agglutination  in  the  control  wells.  One  specimen,  however,  was 
negative  for  anti-IgA. 

The  remaining  4  samples  were  submitted  as  containing  low  levels 
of  IgA  (Table  6c) .  Three  were  confirmed  by  the  HI  method  as 
containing  >0.1  mg/dl  IgA.  One  sample  was  positive  for  IgA  by  RID. 

All  samples  that  gave  unexpected  results  by  RID  were  evaluated  on 
double  diffusion  plates  to  rule  out  the  possibility  of  anti-ruminant 
antibodies. 

Following  the  evaluation  tests  on  the  submitted  samples,  serum 
samples  from  995  blood  donors  were  screened  for  potential  IgA- 
deficiency  by  the  RID  method.  Serum  from  one  donor  was  negative  for 
IgA.  This  specimen  was  then  tested  by  the  HI  assay.  HI  results 
indicated  the  sample  was  IgA-deficient,  <0.1  mg/dl.  No  antibody  to 
IgA  was  demonstrated  in  the  control  well. 

An  additional  1,000  donor  serum  samples  were  screened  using  the 
Ouchterlony  double  diffusion  plates.  Sera  from  3  donors  gave  negative 
reactions,  no  precipitin  lines,  at  the  limit  of  test  sensitivity. 
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4  mg/dl  IgA.  All  sample  precipitin  lines  were  closely  examined  to 
evaluate  partial  or  nonidentity  and  none  were  noted.  These  3  samples 
were  then  tested  by  HI.  Two  of  the  specimens  were  IgA-deficient,  <.l 
mg/dl,  without  antibody.  One  of  the  samples  was  IgA-deficient  and 
demonstrated  anti-IgA  in  the  control  well.  All  samples  identified  as 
IgA-deficient  were  confirmed  by  the  American  Red  Cross  Special 
Services  Laboratory,  Bethesda,  MD. 
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Discussion 


Evaluation  of  the  47  submitted  samples  by  RID  and  HI  gave  some 
discrepant  results.  In  the  first  group  of  36  samples  submitted  as 
IgA  deficient  without  anti-IgA,  21  were  confirmed  in  this  study. 
However,  11  tested  as  containing  anti-IgA  and  4  others  were  found  to 
contain  IgA.  All  of  the  discrepant  samples  in  this  group  were 
submitted  by  the  same  blood  center.  Personal  communication  with  this 
center  proved  Inconclusive  in  clarifying  these  results  due  to 
incomplete  records.  This  center,  however,  did  suggest  that  the 
original  testing  was  most  likely  in  error. 

Of  the  7  specimens  submitted  as  IgA  deficient  and  positive  for 
anti-IgA,  one  sample  failed  to  agglutinate  the  IgA-coated  indicator 
cells.  This  sample  was  reported  as  having  an  antibody  titer  of  40 
which  was  the  lowest  of  any  of  the  anti-IgA  antibodies  submitted.  The 
amount  of  IgA  coating  these  indicator  cells,  which  affects  the 
sensitivity  of  the  passive  hemagglutination  test,  might  provide  an 
explanation  for  this  discrepancy.  In  addition,  the  anti-IgA  in  this 
sample  may  have  been  affected  by  repeated  freezing  or  thawing. 

Of  the  remaining  4  samples  that  were  submitted  as  containing  low 
concentrations  of  IgA,  3  were  confirmed  by  the  HI  method  as  containing 
approximately  0.1  to  10.0  mg/dl  IgA.  One  specimen  tested  positive  by 
the  less  sensitive,  10  mg/dl,  RID  procedure.  The  possibility  that 
this  specimen  and  any  of  the  others  giving  unexpected  reactions  in  RID 
might  contain  an  anti-ruminant  antibody  that  reacted  with  the  goat 
anti-IgA  used  in  the  RID  plates  was  investigated.  These  specimens 


were  tested  in  conjunction  with  normal  donor  specimens  by  the 
Ouchterlony  double  diffusion  method.  ?reclpitin  lines  indicating 
identity  were  demonstrated.  Therefore,  the  precipitin  rings  generated 
by  these  samples  by  RID  was  due  to  the  presence  of  IgA  and  not  by 
anti-ruminant  antibodies. 

Although  the  evaluation  of  the  RID  and  HI  procedures  with  the  47 
submitted  samples  was  not  in  total  agreement,  no  specimen  containing 
IgA  was  incorrectly  identified  as  IgA-deficient.  The  possibility  of 
missing  the  presence  of  anti-IgA,  as  occurred  in  this  evaluation  with 
the  low  titered  anti-IgA,  would  be  of  no  clinical  consequence  to  a 
patient.  This  is  supported  by  reports  that  blood  with  anti-IgA 
antibodies  administered  to  normal  patients  lead  to  no  untoward 

effects,  apparently  because  of  dilution  of  antibody  in  the  recipient's 

,  i  *4  16,17 

circulation. 

Based  on  this  preliminary  evaluation,  the  combined  RID  and  HI 
procedures  appeared  to  be  an  acceptably  accurate  screening  methodology 
for  the  Identification  of  IgA-deficient  donors.  Therefore,  the 
evaluation  was  continued  by  screening  995  donor  samples  for 
IgA-deficlency.  Serum  from  1  donor  was  found  to  be  potentially 
negative  for  IgA  by  RID  and  confirmed  as  IgA-deficient  by  HI.  These 
results  indicated  an  apparent  incidence  rate  of  1/1000  which  was 
consistent  with  previously  reported  rates  in  normal  donor  populations 
of  1/300  to  1/3000. 

The  possibility  was  considered  that  this  incidence  rate  was 
inaccurate  due  to  the  reported  presence  of  antl-rumlnant  antibodies  in 
some  IgA-deficient  individuals.  Although  the  reported  rat  s  of 


17 


anti-ruminant  antibodies  range  from  24%  to  75%,  these  studies 
consisted  for  the  most  part  of  patients  with  varied  clinical  problems 
(Table  5).  To  investigate  this  fa'tor  further  in  a  normal  donor 
population,  an  additional  1,000  donor  specimens  were  screened  for 
potential  IgA  deficiency  using  the  Ouchterlony  double  diffusion  method 
with  goat  anti-human  IgA.  Using  this  procedure,  IgA-deficient  6erum 
would  give  no  precipitin  lines.  However,  IgA-deficient  samples  with 
antl-rumlnant  antibody  would  give  lines  of  nonidentity.  Three 
potential  IgA-deficient  donors  were  identified  using  this  double 
diffusion  technique.  All  of  the  samples  were  confirmed  as 
IgA-deficient.  One  specimen  contained  anti-IgA.  Precipitin  lines 
were  closely  examined  for  all  samples  tested  and  all  demonstrated 
identity.  Therefore,  no  anti-ruminant  antibodies  demonstrated  in  this 
sampling.  Based  on  this  sampling  the  incidence  rate  was  1/333,  which 
was  not  a  statistically  different  proportion  (p>.20)  from  the  1/1000 
incidence  rate  found  when  the  RID  technique  was  used. 

A  larger  sample  size  comparing  the  two  procedures  or  more  data 
concerning  the  frequency  of  anti-ruminant  antibodies  in  IgA-deficient 
donors  is  required  to  determine  the  more  efficient  screening  method. 

If  the  incidence  of  anti-ruminant  antibodies  in  this  population  is 
significant,  then  the  double  diffusion  method  would  be  superior  to  RID 
as  used  in  this  study  in  identifying  IgA-deficient  individuals.  If 
the  Incidence  rate  is  not  significant,  then  either  method  would  be 
equally  efficient  in  identifying  IgA-deficient  individuals.  The  use 
of  rabbit  anti-human  IgA  would  dissuade  this  concern,  since  anti- 
ruminant  antibodies  do  not  react  with  antisera  from  this  source. 
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However,  commercially  available  rabbit  antisera  is  more  expensive  and 
the  cost  per  test  would  be  higher.  This  cost  is  a  major  consideration 
since  many  thousands  of  donors  would  need  to  be  tested  to  create  and 
maintain  an  extensive  rare  donor  file  of  IgA-deficient  individuals. 

The  use  of  the  HI  procedure  as  a  sensitive  technique  for  the 

detection  of  low  concentrations  of  IgA  has  been  well  documented.  The 

procedure  performed  well  in  this  study  as  it  was  consistently  reliable 

and  reproducible.  The  critical  factor  affecting  the  use  of  HI  was  the 

coating  of  red  blood  cells  with  the  IgA  immunoglobulin  a6  the  extent 

of  binding  Influences  the  sensitivity  of  the  test.  The  red  cells  used 

in  this  study  required  storage  at  4  C  for  3  days  in  Alsever's  solution 

before  they  could  be  optimally  coated.  Coating  prior  to  this  time 

produced  indicator  cells  that  gave  agglutination  with  rnti-IgA  at  a 
-A 

dilution  of  10  .  Coating  at  3  days  or  soon  thereafter  resulted  in 

cells  that  agglutinated  with  the  antisera  at  a  dilution  of  10-5  and, 
therefore,  were  more  sensitive  indicators  of  the  presence  of  IgA  in 
donor  serum.  Personal  communication  with  other  centers  using  HI 
indicate  that  red  cells  from  different  individuals  are  highly  variable 
in  their  ability  to  bind  with  IgA,  as  some  red  cells  coat  optimally  on 
the  day  they  are  drawn  and  others  require  storage  for  as  long  as  10 
days.  Indicator  cells  in  this  study  could  be  stored  and  used  for 
approximately  one  week  before  their  performance  deteriorated. 

The  use  of  indicator  cells  in  the  passive-hemagglutination 
procedure  to  detect  the  presence  of  antibody  to  IgA  is  limited.  The 
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IgA  used  to  prepare  the  indicator  cells  in  this  study  was  IgA,  immuno¬ 
globulin.  IgA^,  IgA^md)  and  IgA2m(2)  proteins  were  unavailable  due 
to  their  rarity.  Indicator  cells  coated  with  IgA^  will  react  only 
with  anti-IgA  that  is  class-specific.  Therefore  other  anti-IgA 
antibodies  would  go  undetected.  However,  as  previously  noted,  the 
presence  of  antibody  to  IgA  in  an  IgA-deficient  donor  should  be  of  no 
clinical  consequence  to  the  recipient.  The  purpose  of  these  cells  as 
a  control  is,  therefore,  required  only  to  indicate  that  there  is  no 
excess  of  anti-IgA  contributed  by  the  donor  serum  to  influence  the 
reactions  in  the  antibody  wells.  This  use  of  a  control  well  may  be  of 
no  consequence  in  the  Identification  of  IgA-deficient  donors  since  the 
presence  of  anti-IgA  that  would  give  false  positive  agglutination  in 
the  antibody  wells  is  generally  considered  to  indicate  IgA-deficiency. 

The  RID  as  used  in  this  study  was  an  extremely  cost  effective 
method  of  screening  a  large  donor  population.  Using  locally  available 
goat  anti-human  IgA  the  material  cost  amounted  to  only  $0. 02/sample 
tested.  The  Ouchterlony  double  diffusion  method  using  commercially 
purchased  plates  and  antisera  was  $0. 56/sample  tested.  If  Ouchterlony 
plates  were  locally  prepared  and  locally  available  antisera  were  used 
this  material  cost  would  be  approximately  the  same  as  the  RID  plates. 
In  addition  to  this  low  cost/test,  the  Immunodiffusion  methods  require 
minimal  technologist  time  to  plate  and  read.  The  cost  of  the  HI  is 
negligible  since  many  samples  may  be  batched  and  tested. 


20 


Conclusion 


/.  IgA-deficient  blood  products  are  required  to  avoid  potentially 
fatal  anaphylactic  transfusion  reactions  in  patients  who  sre 
IgA-deficient  and  have  formed  anti-IgA  antibodies.  Fed  blood  cells 
for  these  patients  may  be  provided  through  autologous  transfusion  or 
extensive  washing  of  banked  or  frozen  units.  However ,  when  other 
blood  components  such  as  fresh  frozen  plasma  or  cryopredpltates  are 
needed,  the  use  of  a  rare  donor  file  of  IgA-deficient  individuals  is 
required . 

The  frequency  of  IgA  deficiency  has  been  reported  to  vary  between 
1/300  to  1/3000  in  normal,  healthy  donor  populations.  The  large 
number  of  samples  to  be  tested  to  create  a  donor  file  of  IgA-deficient 
individuals  requires  a  sensitive,  accurate  and  cost  effective 
screening  methodology. 

This  study  was  performed  to  evaluate  qualitative  immunodiffusion 
and  quantitative  hemagglutination-inhibition  (El)  procedures  for  use 
in  the  identification  of  IgA-deficient  individuals.  The  sensitivity 
and  accuracy  of  radial  immunodiffusion  and  double  diffusion  and  HI 
were  evaluated  with  previously  identified  IgA-deficient  samples. 

The  RID  method  using  locally  prepared  plates  was  both  accurate 
and  cost-effective.  However,  there  remains  some  doubt  a6  to  the 
possibility  of  some  false  positive  reactions  with  these  plates  due  to 
the  reported  incidence  of  anti-ruminant  antibodies  in  some 


IgA-deficient  patients.  The  Ouchterlony  double  diffusion  method 
appears  to  be  the  more  accurate  immunodiffusion  technique  in  this 
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instance  since  precipitation  can  be  evaluated  for  identity  and 
nonidentity.  The  HI  procedure  was  found  to  be  sensitive,  accurate  and 
cost-effective.  The  preparation  of  indicator  cells  sufficiently 
coated  with  IgA  proved  to  be  variable.  However,  once  ideal  conditions 
are  determined  for  each  cell  source,  the  results  are  simple  to 
reproduce. 

Initial  screening  of  approximately  2,000  donors  gave  an  incidence 
rate  of  WM  IgA-deficient  individuals  in  this  small  sampling  which 
is  consistent  with  previously  reported  rates.  As  this  combined 
methodology  is  implemented  and  more  donors  are  tested,  the  sample  size 
will  increase  and  result  in  a  more  statistically  significant 
frequency. 

As  a  result  of  this  evaluation,  implementation  of  the  combined 
immunodiffusion  and  HI  procedures  is  anticipated  at  the  Hoxworth  Blood 
Center,  Cincinnati,  OH,  to  create  a  rare  donor  file  of  IgA-deficient 
individuals  who  should  provide  safe  blood  products  for  patients  at 
risk. 


Table  1  -  Incidence  Rates  of  IgA  Deficiency 


Kolstinen  (22)  64,588  blood  donors  0.25  <1  mg/dl 


Table  2  -  Anti-IgA  in  Normal  Donors 


Table  3  -  Anti-IgA  In  IgA  Deficient  Patients 


Table  5  -  Incidence  of  Anti- ruminant  Antibodies 


f  t 


Table  6a  -  36  Samples  Submitted  as  IgA-Deficient 


-  21  tested  as  IgA  deficient 


-11  tested  as  IgA  deficient  with  anti-IgA 


3  tested  as  low  level  IgA 


1  tested  as  high  level  IgA 


Table  6b  -  7  Samples  Submitted  as  Positive  for  Anti-IgA 


-  6  samples  were  positive  for  anti-IgA 


1  sample  was  negative  for  anti-IgA 


Table  6c  -  4  Samples  Submitted  as  Low  Level  IgA 


3  tested  as  low  level  IgA 


1  tested  as  high  level  IgA 


Figure  5  -  Evaluation  of  RID  Plates 
for  IgA-Deficient  Samples 
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Figure  7  -  Patterns  Seen  In  Hemagglutination-Inhibition 


Anti-IgA  -  10“3  10"4  l(f 5  CONTROL 


NORMAL  DONOR 

IgA  DEFICIENT 

DEFICIENT  + 
ANTI-IgA 


I  I  I  I 

#  #  #  ( 


LOW  LEVEL  IgA 


I  I 


I 


References 


1.  Technical  manual,  8th  ed.  Washington,  DC:  American  Association 
of  Blood  Banks,  1981:315. 

2.  Waldmann  TA,  Blaese  M,  Broder  S,  Krakauer  RS.  Disorders  of 
suppressor  lmmunoregulatory  cells  in  the  pathogenesis  of 
immunodeficiency  and  autoimmunity.  Ann  Intern  Hed  1978; 
88:226-238. 

3.  Eurtublse  P.  Selective  IgA  deficiency.  Clinical  Immunology 
Check  Sample  No.  Cl-9.  American  Society  of  Clinical 
Pathologists,  Chicago,  II,  1977. 

A.  Kirkpatrick  CH,  Ruth  WE.  Chronic  pulmonary  disease  and 
immunologic  deficiency.  Am  J  Med  1966;  41:427. 

5.  Schwartz  RM,  Schenk  EA,  Berman  J,  Ellis  DA.  Hereditary 
non-lymphopenlc  agammaglobulinemia  with  splenomegaly:  A  family 
study.  J  Lab  Clin  Med  1969;  74:203. 

6.  Stocker  F,  Ammann  P,  Rossi  E.  Selective  gamma  A-globulln 
deficiency  with  dominant  auto-somal  Inheritance  in  a  Swiss 
family.  Arch  Dls  Child  1968;  43:585. 


37 


7.  Goldber  LS,  Barnett  EV,  Fudenberg  HH.  Selective  absence  of  IgA: A 
family  study.  J  Lab  Clin  Med  1968;  72:204. 

8.  Nell  PA,  Amroann  AJ,  Hong  R,  Stlehm  ER.  Familial  selective  IgA 
deficiency.  Ped  1972;  49:71079. 

9.  Jerry  LM,  Kundel  HG.  Special  characteristics  of  IgA^  subclass. 
In:  Mestecky  J,  Lawton  AR,  eds.  The  Immunoglobulin  A  system. 

New  York:  Plenum  Press,  1974:  151-160. 

10.  Wang  AC,  Fudenberg  HH.  Genetics  and  evolution  of  human 
Immunoglobulin  A.  In:  Mestecky  J,  Lawton  AR,  eds.  The 
Immunoglobulin  A  system.  New  York:Plenum  Press,  1974:161-165. 

11.  Van  Loghem  E,  Wang  AC,  Shuster  J.  A  new  genetic  marker  of  human 
immunoglobulins  determined  by  an  allele  at  the  <x2  locus.  Vox 
Sang  1973;  24:481-488. 

12.  Bacbmann  R.  Studies  on  the  serum  yA  globulin  level.  III.  The 
frequency  of  A-y-A-globulinemia .  Scand  J  Clin  Lab  Invest  1965; 
17:316-320. 

13.  Hobbs  JR.  Immune  Imbalance  In  dysgammaglobullnaemla  type  IV. 
Lancet  1968;  1:110-114. 


14.  Holt  PDJ,  Tandy  HP,  Anstee  DJ.  Screening  of  blood  donors  for  IgA 
deficiency:  a  study  of  the  donor  population  of  south-west 
England.  J  Clin  Path  1977;  30:1007-1010. 

15.  Huntley  CC,  Stephenson  RL.  IgA  deficiency :family  studies.  NC 
Med  J  1968;  29:325-331. 

16.  Vyas  GH,  Perkins  HA,  Yang  Y,  Basantani  GK.  Healthy  blood  donors 
with  selective  absence  of  immunoglobulin  A:  prevention  of 
anaphylactic  transfusion  reactions  caused  by  antibodies  to  IgA. 

J  Lab  Clin  Med  1975;  85:838-842. 

17.  Clark  JA,  Calllcoat  PA,  Brenner  NA,  Bradley  CA,  Smith  DM. 
Selective  IgA  deficiency  in  blood  donors.  Am  J  Clin  Pathol  1983; 
80:210-213. 

18.  Johannson  SGO,  Hogman  CF,  Killander  J.  Quantitative 
immunoglobulin  determination.  Comparison  of  two  methods. 
Estimation  of  normal  levels  and  levels  in  persons  lacking  IgA  and 
IgD.  Acta  Path  Micro  Scand  1968;  74:519-530. 

19.  Ropars  C,  Muller  A,  Paint  N,  Beige  D,  Avenard  G.  Large  scale 
detection  of  IgA  deficient  blood  donors.  J.  Immun  Meth  1982; 


20.  Buckley  RH,  Dees  SC.  Correlation  of  tnilk  precipltins  with  IgA 
deficiency.  N  Engl  J  Med  1969;  281:465-469. 

21.  Cassidy  JT,  Burt  A,  Petty  R,  Sullivan  D.  Solective-IgA 
deficiency  in  connective  tissue  diseases.  N  Engl  J  Med  1969; 
280:275. 

22.  Koistinln  J.  Selective  IgA  deficiency  in  blood  donors.  Vox  Sang 
1975;  29:192-202. 

23.  Hayashl  H,  Logrlppo  GA,  Perry  M,  Mueller  J.  Preclpltable 
hetero-antibodies  in  man  to  animal  serum  proteins.  Relation  to 
immunoglobulins  status.  Henry  Ford  Hosp  Med  J  1971;  19:241-250. 

24.  Natulg  JB,  Harbor  M,  Fausa  0,  Tviet  A.  Family  studies 
individuals  with  selective  absence  of  yA-blobulin.  Clin  Exp 
Immunol  1971;  8:229-236. 

25.  Frommel  D,  Moullec  J,  Lambin  P,  Fine  JM.  Selective  serum  IgA 
deficiency.  Frequency  among  15,200  French  blood  donors.  Vox 
Sang  1973;  25:513-518. 

26.  Schmidt  AP,  Taswell  HF,  Glelch  GJ.  Anaphylactic  transfusion 
reactions  associated  with  anti-IgA  antibody.  N  Engl  J  Med  1969; 


^■,'^A1.1  UU ’JM’J  JM'i'l’MU'J.'JU'J'l'JJLUlU  J»!J  JP"I  n  J  JF  wmm mmm w  w—  »  *  < 


27.  Vyas  GN,  Fudenberg  HH.  Isoimmune  anti-IgA  causing  anaphylactoid 
transfusion  reactions.  An  Invited  editorial.  N  Engl  J  Med  1969; 
280:1073. 

28.  Vyas  GN,  Fudenberg  HH.  Immunobiology  of  human  anti-IgA:  a 
serologic  and  immunogenetic  study  of  immunization  to  IgA  in 
transfusion  and  pregnancy.  Clin  Genet  1971;  1:45-64. 

29.  Cassidy  JT,  Petty  R,  Burt  A,  Sullivan  A.  Anti-IgA  antibodies  in 
patients  with  selective  IgA  deficiency  and  connective  tissue 
diseases.  Clin  Res  1969;  17:351. 

30.  Ammann  AJ,  Hong  R.  Selective  IgA  deficiency:presentation  of  30 
cases  and  a  review  of  the  literature.  Med  1971 ;' 50:223-236. 

31.  Nadorp  JHS,  Voss  M,  Buys  WC,  van  Munster  PJJ,  et  al.  The 
significance  of  the  presence  of  anti-IgA  antibodies  in 
individuals  with  an  IgA  deficiency.  Europ  J  Clin  Invest  1973; 
3:317-323. 


32.  Laschinger  C,  Shepherd  FA,  Naylor  DH.  Anti-IgA  mediated 
transfusion  reactions  in  Canada.  Can  Med  Assoc  J  2984; 
130:141-144. 


41 


J 


33.  Pai  MK,  Zipursky  A,  Vyas  GN.  Antibodies  to  IgA  in  pregnancy  and 
in  recipients  of  RhQ(D)  immune  globulin  (human).  Transfusion 
1972;  12:394-399. 

34.  Vyas  GN,  Levin  AS,  Fudenberg  HH.  Intauterine  isoimmuniation 
caused  by  maternal  IgA  crossing  the  placenta.  Nature  1970; 
225:275. 

35.  Pineda  AA,  Taswell  HF.  Transfusion  reactions  associated  with 
anti-IgA  antibodies.  Report  of  four  cases  and  review  of  the 
literature.  Transfusion  1975;  15:10-15. 

36.  Vyas  GN,  Holmdahl  L,  Perkins  HA,  Fudenberg  HH.  Serologic 
specificity  of  human  anti-IgA  and  its  significance  in 
transfusion.  Blood  1969;  34:573-580. 

37.  Schmidt  AP,  Taswell  HF,  Gleich  GJ.  Anaphylactic  transfusion 
reactions  associated  with  anti-IgA  antibody.  N  Engl  J  Med  1969; 
280:188-193. 

38.  Buckley  FH,  Dees  SC.  Correlation  of  milk  precipitins  with  IgA 
deficiency.  N  Engl  J  Med  1969;  281:465-469. 

39.  Ammann  AJ,  Hong  R.  Selective  IgA  deficiency  and  autoimmunity. 
Clin  Exp  Immunol  1970;  7:833-838. 


mmmmmmmmma 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


"in  J.  ra»: 


Ammann  AJ,  Hong  R.  Anti-antiserum  antibody  aa  a  cause  of  double 
precipitin  rings  In  immunoglobulin  quantitation  and  Its  relation 
to  milk  preclpltins.  J  Immunol  1971;  106:567-569. 

Tomasi  TB,  Katz  L.  Human  antibodies  against  bovine 
Immunoglobulin  M  in  IgA-deficient  sera.  Clin  Exp  Immunol  1971; 
9:3-10. 

Lelkola  J,  Vyas  GN.  Human  antibodies  to  ruminant  IgM  concealing 
the  absence  of  IgA  in  man.  J  Lab  Clin  Med  1971;  77:629-638. 

Bjerrum  OJ,  Jerslld  C.  Class-specific  anti-IgA  associated  with 
severe  anaphylactic  transfusion  reactions  in  a  patient  with 
pernicious  anemia.  Vox  Sang  1971;  21:411-424. 

Lelkola  J,  Koistinen  J,  Lehtinen  M,  Virolainen  M.  IgA-induced 
anaphylactic  transfusion  reactions:  a  report  of  four  cases. 

Blood  2973;  42:111-119. 

Vyas  GN,  Perkins  HA,  Fudenberg  HH.  Anaphylactoid  transfusion 
reactions  associated  with  anti-IgA.  Lancet  1968;  2:312-315. 

Miller  WV,  Holland  PV,  Sugarbaker  E,  Strober  W,  Waldmann  TA. 
Anaphylactic  reactions  to  IgA:a  difficult  transfusion  problem. 
Am  J  Clin  Pathol  1970;  54:618-621. 


43 


A7.  Yap  PL,  Pryde  EAD,  McClelland  DBL.  IgA  content  of  frozen- 
thawed-washed  red  blood  cells  and  blood  products  measured  by 
radioimmunoassay.  Transfusion  1982;  22:36-38. 


A8.  Daniels  JC.  Practical  applications  of  gel  diffusion  tests.  In: 
Nakamura  PM,  Dito  WE,  Tucker  ES,  eds.  Immunoassays  in  the 
clinical  laboratory.  New  York:  Alan  R  Liss,  1979. 


A9.  Gold  ER,  Fudenberg  HH.  Chromic  chloride:  a  coupling  reagent  for 
passive  hemagglutination  reactions.  J  Immunol  1967;  99:  859-866. 


50.  Jandl  JH,  Simmons  RL.  The  agglutination  and  sensitization  of  red 
cells  by  metallic  cations:  interactions  between  multivalent 
metals  and  the  red-cell  membrane.  Brit  J  Haematol  1957;  3:19-38. 


51.  Wiltbank  T.  IgA  deficiency:  invited  discussion. 
Immunohematology  198A ;  1:8-9. 


52.  Laschinger  C,  Gauthier  D,  Valet  JP,  Naylor  DH.  Fluctuating 

levels  of  serum  IgA  in  individuals  with  selective  IgA  deficiency. 
Vox  Sang  198A;  A7: 60-67. 


*  .^1^4  r  v*  trm  »  r>,  •  , 

•>  ■>  \>  j  ’'j  * 


■% ••  • . 

•  ••**■»*  #  *  a.  »  ,  •  *  «  ,»,».•,»  ,  _  •  _  •  -V  V  » 


t 


DTIC 


/ 


«MS «¥ 


